The objective of this study was to report long-term success rates for penile revascularization (PR) and investigate factors responsible for failures. During the past 10 y, data were obtained on 52 patients who underwent PR. Surgical technique was selected according to preoperative arteriographic findings. The mean age was 28.5 y and the mean follow-up was 70.8 months. Success was defined as satisfactory intercourse without additional therapy. Overall success was 48%. Patients under 28 y showed a 73% success rate vs 23% in the older ones (P¼0.0003). Nonsmokers had a 57% success compared to 29% in smokers (P¼0.05). The presence of venous leak and type of procedure had an insignificant impact on success (P¼0.33 and 0.23 respectively). To conclude, this curative treatment option is limited to a selective population with vasculogenic erectile dysfunction. We found that the cure rate of this procedure is maintained and long-term follow-up shows good results, especially in the young nonsmokers.
Introduction
The first published report on penile revascularization (PR) by Michal et al 1 in 1972 was considered a breakthrough in the treatment of erectile dysfunction (ED). Unfortunately by 1 y after operation, the rate of anastomotic stenosis approached 100%, and longterm studies conducted at that time failed to show satisfactory success rates. 2 The first reported series, with a high success rate (76.6%) was published by Crespo et al 3 in 1987, more than a decade later. Today, PR is a well-established treatment option for post-traumatic ED due to vascular injury. Despite the fact that we have 30 y of experience with this procedure, there are no well-established criteria for patient selection, preferred surgical procedure and appropriate preoperative diagnostic evaluation.
Many of the earlier reported results were based on a heterogenous group of patients with various risk factors (such as smoking, old-age, diabetes or hyperlipidemias). According to data accumulated over the years, more strict criteria were formulated, where younger patients with ED due to pelvic trauma became the best candidates for this surgical intervention. Still to date, no formal consensus has been established as to the adequate age limit.
Although some series reported excellent results (complete cure at 80%), 4 they were limited to a relatively short-term follow-up with undetermined criteria for success. To our knowledge, the longest follow-up reported to date is of 54 months. 5 The existing data from these studies are limited and conflicting, necessitating a further breakdown and stratification into risk factor categories in order to determine the group of patients that will most benefit from such a procedure.
The aim of our study was to report long-term success rates for PR and investigate the factors responsible for failures in an attempt to provide additional criteria for better patient selection. In this study, we present our results accumulated over an average period of 70.8 months.
Materials and methods

Patients
Between the years 1990 and 2000, 61 patients with occlusive vascular pathology of the penile arterial supply, underwent surgical bypass and revascularization, with an average age of 28.5 y (ranging from 20 to 50). An extensive work up was performed for each candidate prior to surgery, which included nocturnal penile tumescence study, neurogenic and hormonal evaluation (LH, FSH, testosterone, prolactin), dynamic infusion cavernosometry and cavernosography (DICC). For the purpose of this study, we defined severe venous leak by either maintenance flow rates of 30 ml/min or more, or a fall in intracavernosal pressure (IP) of more than 40 mmHg within 30 s. 6 Moderate leak was determined as maintenance flow rates of 21-30 ml/min and a fall in IP of 31-39 mmHg/30 s, and mild venous leak as maintenance flow rates of 15-20 ml/min and a fall in IP of 15-30 mmHg/30 s. Patients found to have a severe leak, or in patients in whom contrast was visualized in the spongiosal tissue (during cavernosography), were not considered candidates for this type of surgery.
Angiography
Bilateral selective internal pudendal angiography was performed on all patients. Prior to this procedure a 12Fr. Foley catheter was inserted to optimize visualization of the penile vascular anatomy. In all patients, 0.7 cm 3 of tri-mix was injected intracavenosally in order to dilate penile vasculature. Pelvic angiography was performed via the common femoral artery, using the Seldinger technique. Selective catheterization of the internal iliac artery and superselective catheterization of the inferior pudendal artery was performed with a 5Fr. angiographic catheter, in the oblique position using 8-12 cm 3 of nonionic contrast material. At the end of the procedure, the angiographic catheter was relocated at the common femoral artery for determining inferior epigastric artery (IEA) anatomy.
Follow-up
Before surgery, patients were seen in the office as well as during the first year postoperatively. Due to the fact that the initiation of our study predated the IIEF and EDITS, no preoperative questionnaires were available, long-term follow-up was assessed by completing a preformed questionnaire over the telephone. This included information about the patient's current erectile function, sexual habits, satisfaction from the procedure, and other treatment modalities for ED. In this study, we included only patients with a minimum follow-up of 2 y. A total of 52 patients (85%) completed the long-term followup with a mean period of 70.8 months (ranging from 24 to 132 months). A 5-y follow-up was completed on 35 of the patients. The patients' characteristics are summarized in Table 1 . Of the remaining nine patients, five reported normal erectile function during their last office visit, and were not included in our study due to insufficient follow-up. Treatment success was defined as the ability of the patient to complete satisfactory sexual intercourse without requiring other treatment modalities such as intracavernosal injection (ICI) or oral therapy.
Surgical technique
The selected operative technique (ie type of anastomosis) in the 52 patients was individualized according to the preoperative arteriographic findings such as the level of occlusion, presence of collaterals, and visualization of communication between the dorsal and cavernosal arteries. Only the two co-authors performed the surgery. [7] [8] [9] [10] The microsurgical procedure was performed using a Zeizz Universal S2 microscope (Carl Zeizz, Germany) equipped with a wide field observation device and a motorized zoom system with a zoom ratio 1:6, magnification factor Â 0.4-2.4.
The surgical techniques performed included microsurgical anastomosis of the IEA to either the dorsal vein (DV) the dorsal artery (DA) or both. In 10 patients in whom a proximal lesion such as occlusion of the common penile artery (unilateral or bilateral) or in whom communication between the DA and cavernosal artery was demonstrated, an arterial anastomosis was performed (IEA to DA). Anastomosis to the DV segment was performed in 29 patients who demonstrated distal occlusions in which the cavernosal artery was not visualized and no collaterals were seen on the preoperative angiography. In 13 patients, we performed a double anastomosis to both the DV, using a side-to-side 
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technique to the vein, and an end-to-side to the artery. This type of procedure was carried out when the dorsal to cavernosal artery communications were not very prominent. Patients were treated periand post-operatively with aspirin for a period of up to 6 months.
Statistical method
Data were analyzed and logistic regression analysis was performed using the various predictive factors for success and failure to obtain odds ratio (OR) and their associated 95% confidence intervals. Statistical significance was evaluated by the Wald test and was defined as Pr0.05, with a statistical trend defined as 0.05oPo0.1.
Results
Our data showed that the overall long-term success rate, as defined in the methods section, was 48% (25 out of 52 patients). During the continuing follow-up, 15 reported successful intercourse with adjuvant oral or ICI therapy but were not considered as success. When comparing sexual function before and after surgery, none reported worsening in their erectile function. Analysis of the predisposing factors contributing to success is shown in Table 2 . It is demonstrated that the younger population (under the age of 28 y) with a follow-up of at least 2 y had a 73% success rate compared to 23% in the older patient group (P¼0.0003). In the 35 patients, who had at least 5-y follow-up, a similar trend was observed, with 77% success in the younger group (13 patients) and 32% in the older one (22 patients) (P¼0.0085). When looking at the effect of tobacco use, nonsmokers showed a 57% success rate compared to 29% in the nicotine-abuser category.
When analysis was performed for the 35 patients in whom venous leak was present preoperatively vs no leak, a statistical trend for failure was seen in the venous leak group (P¼0.09). When comparing the three venous leak categories, we did not find any significant difference in results (P¼0.23). When the patients without a venous leak were compared to the group with the moderate leak, the results showed a 73.3% success vs 26.7%, respectively (P¼0.32). This result may have been proven significant with a larger number of patients in the moderate leak group (only nine patients).
The type of procedure performed, calculated as an independent factor, did not have any significant effect on success (P¼0.33).
Of the overall 27 patients in the failure group, 12 reported improvement in their erectile function for a limited period up to 1 y, after which a decline was observed. In addition, 15 patients (average age 35 y) reported no change in their erectile function postoperatively. Seven of these had a history of tobacco use, two post-traumatic patients, one diabetic, and five without any significant risk factors. In this group, no specific predisposing factor that can predict immediate failures could be found.
In the study group, 12 patients had documented pelvic trauma of which 10 had adequate long-term follow-up, with a mean age of 30 y. In this group, 50% have regained satisfactory erectile function with at least 2-y follow-up. The younger traumatic patients had an 80% success rate compared to the 20% in the older group (P¼0.04).
Discussion
More than two decades of experience in PR showed reasonable short-term success rates mainly for young patients after pelvic trauma. Pelvic trauma, particularly when the proximal urethra is involved, can be associated with arterial or neural injury that may result in an acute onset of ED. Arterial injury can occur due to displacement of the symphysis pubis causing urethral disruption and injury to the arteries penetrating the urogenital diaphragm, specifically the internal pudendal artery, as it becomes the common penile artery. 11 In addition, it has also been shown that blunt (saddle) trauma, in some cases, may induce a gradual onset of ED and arterial 
Types of surgical procedures
One of the major difficulties in evaluating the outcome of these procedures is the variety of surgical techniques reported in the literature. Michal et al 1 first described the use of the dorsal penile artery as the best site for increasing cavernosal arterial inflow, using the IEA as the donor artery. Later on, Virag et al 13 introduced a different concept to increase penile blood flow using the deep DV system in a retrograde fashion through the emissary veins. Using this technique, he reported a 49% success rate and in another 20% a marked improvement. Several variations of this technique were introduced over the years, among them the creation of a window between the DV and corporal body with similar success rates. Furlow and Fisher 14 reported a success rate of 62% for a group of 21 patients who underwent arterialization of a DV segment (after ligating its proximal and distal ends and circumflex branches). This modification was aimed to minimize glanular hyperemia, one of the major complications of the previously mentioned technique, and to direct most of the arterial blood flow into the corpora. Lizza and Zorgniotti 15 reviewed their results of the Virag and Furlow procedures, reporting similar success with both procedures (B75%). Hauri 16 first introduced the concept of using both artery and vein as recipient sites. He described a technique that involved a threevessel anastomosis; side-to-side between the DA and vein, covered by a spatulated IEA. In 1986, he reported an immediate success rate of 78%. Schramek et al 17 demonstrated a 77% success rate performing the Hauri technique on 35 patients with a follow-up of 27 months and a mean age of 42 y. Even today, 30 y after the first revascularization procedures, there is no consensus on the preferable technique, and no criteria for choosing one technique over the other.
As mentioned in the Materials and methods section, we individualized our surgical technique according to the site of the arterial obstruction and the visualization of the penile arterial flow demonstrated by the preoperative arteriography. Following these criteria, we did not find any statistically significant difference in long-term success rates between the various procedures performed (see detailed results in Table 3 ). In light of these results, it seems reasonable that individualization of the surgical procedure according to penile anatomy as seen on angiographic study should be performed in order to optimize long-term results.
Follow-up
Paucity of data exists regarding long-term success rates, but a trend of treatment failures is seen, as longer follow-up periods were reported. 6 Different studies providing relative long-term data of this treatment modality have been published in the last decade (Table 4) .
Jarow and DeFranzo 18 selected a group of 11 patients as optimal candidates for PR (out of 1352 possible candidates). His criteria included patients less than 60 y old, without evidence of segmental arterial occlusive disease, lacking any other risk factors for impotence (diffuse atherosclerotic vascular disease, hypercholesterolemia, diabetes mellitus, neurological disorders and tobacco use) and without evidence of veno-occlusive dysfunction. The average follow-up was 50 months and in this very small and selected group of patients, 64% reported satisfactory sexual intercourse without the aid of ICI. DePalma 5 performed four types of techniques on 67 surgical candidates (no history of diabetes or hypertension). The average follow-up ranged from 34 to 48 months. He reported that 27-58% of the patients had spontaneous erections.
In our study we reported, to our best knowledge, the longest follow-up period (mean follow-up of 70.8 months) for these procedures, showing an overall success rate of 48%. This figure is similar to the short-term results reported in the literature. 4, 19, 20 Moreover, our data did not show significant differences in the results between the 2-and the 5-y follow-up, indicating that the 
Factors influencing success
In particular, smoking remains one of the major predictors for failure and for maintaining long-term success. Published in 1985, Virag et al 21 presented results indicating that smoking is significantly more common (64%) in men with ED than in the general population. Manning et al 2 indicates that cessation of smoking is mandatory before PR and should be one of the selection criteria as it is a proven cause for postoperative failure. It has also been shown that in cases of microvascular surgery, postoperative complications and failure are much higher in patients who continue to smoke postoperatively (43 vs 28% for the nonsmokers group 22 ). Since smoking is a well-known risk factor for ED, some authors included this factor in their exclusion criteria for revascularization. In the present study, we have demonstrated a clear and significant link between tobacco use and long-term failure rate, and we found a 57% success rate in the population who did not smoke as compared to the tobacco user group 29% (P¼0.05, with an OR of 3.2).
Age is another previously reported factor influencing short-and long-term success. The success rate seen in the older patient groups is not as high as in the younger ones, and some aging factors might be responsible for higher rates of postsurgical restenosis. Kaufman et al 23 described an 80% success rate in a small group of young patients under the age of 30 y compared to only 20% over the age of 40 y. Manning et al 2 reviewed the long-term results of 62 men post-PR and found that age is one of the major predictors of success. They demonstrated 83% success with patients o50-y old compared with only 37.5% over 50 y. In our study, we found that age is the strongest predicting factor for success with an OR of 9.05 (P¼0.0003).
Mild and moderate venous leaks were demonstrated in 67% of our patients. As mentioned in the Materials and methods section, patients with severe leaks were not surgical candidates. Disappointing results were reported when this procedure was performed in patients with venogenic ED (Knoll 24 reported only a 31% success rate in these patients). Although controversy exists regarding performing this procedure in patients with venous leakage, in this study we performed PR only on patients with mild and moderate leak who had proof of arterial occlusion as their primary pathology. The main goal of PR is to increase arterial inflow into the corpora, and as such it would be counterproductive to perform this procedure on patients with severe venous leak. Nevertheless, in our study population, the group of patients with moderate venous leak did not show a significant effect on success. However, our results did indicate a statistical trend for failure in the overall venous leak patient group. As the study included only nine patients with a moderate venous leak further studies with larger groups of patients in this category are needed in order to define its role in outcome.
Another source of controversy exists regarding the definition of cavernosometric parameter of venous leak, especially the delineation between mild moderate and severe, 25 which can influence comparison between different studies. In the meantime, we recommend that only patients with mild venous leakage and concomitant arterial occlusion should be considered for this type of procedure. A thorough evaluation for associated corporal veno-occlusive dysfunction should be performed. The surgical procedure chosen should be based on the arteriographic pattern of the penile vasculature, and the technique, in accordance with endothelium sparing vascular and micro vascular principles.
We must keep in mind that erectile function is not only guaranteed by the restoration of blood flow to the cavernous bodies. Damage at the end-organ cellular level, corporal fibrosis, impaired neuronal function and impaired endothelial smooth muscle relaxation should be considered, and in some young men psychogenic etiologies may be one of the main overriding factors.
